The very low output-impedance RF system is required for a high intensity proton synchrotron in order to cancel the beam loading. A grounded cathode scheme, having dual resonant circuits, can provide such system. The one resonant circuit is formed between grid and cathode, and the other comprises a feedback loop between plate and grid. The model system has been tested using the Eimac 3CW40,000H3 triode as a final tube. By choosing the appropriate resonant frequencies, the output-impedance is obtained as 30-80 ohms and the voltage gain 6-10 over the frequency range of 2.5-8.5 MHz. Stability of the system is also discussed.
INTRODUCTION
In a high intensity proton synchrotron, the wall current induced by the beam in an RF cavity can not be ignored any more against the drive current which is supplied by RF power supply and the instability occurs without proper compensation. The contribution of this beam is called a beam loading, many analyses are investigated to avoid it. As that example, the stability of the RF system including the beam was evaluated by using the relative beam loading Y which is the ratio of the beam current to unloaded generator current [1] . Fig. 1 shows the typical stability analysis which is distinguished by Y, and φ z is the phase of impedance of the RF system which consists of cavity and power supply. As the result, stability is realised by the small value of Y, and the very low outputimpedance RF system is required for that value of Y. As the system, following two methods are applied. The one is the feed-forward beam compensation [2] . In this method, the signal of the beam is fed back with one-turn delay to make up for the beam current, in which a complex procedure should be necessary. The other is the low output-impedance RF system by the cathode-follower scheme (CF) [3] . In this method, because of that low output-impedance characteristic, the beam loading can be compensated for without a complex procedure. However there is the disadvantage that a voltage gain is smaller than unity in this method, and it causes huge power consumption in the driver stage. Against these compensations, the grounded cathode scheme, having dual resonant circuits, is able to realise a high voltage gain and the low output-impedance comparable to the CF. The one resonant circuit comprises a parallel tuned circuit between grid and cathode, and the other a feedback loop between plate and grid. Fig. 2 shows this scheme. The output-impedance (Zo) in the grounded cathode scheme can be expressed by
Where µ is the amplification factor, r p the plate resistance of the tube, z k the load impedance, z pg the grid-plate impedance and z gk the grid-cathode impedance. The main term in the bracket of Eq. (1) is the second one, and then the output-impedance is approximated by
It should be noted that the output-impedance of the CF is also expressed in Eq. (1). Then, by choosing the appropriate value of β, the proposed system can provide an output-impedance as low as that of the CF while the voltage gain is much higher than unity. Fig. 3 Model RF system for the grounded cathode scheme, which has dual resonant circuits. Fig. 3 shows the schematic views of the model RF system for the grounded cathode scheme, which has dual resonant circuits. The Eimac triode (3CW40,000H3) is used as the final tube. The dc-bias power supply feeds a bias current to keep the ferrite-loaded cavity at resonance. The relation of the resonant frequency versus bias current was measured over the frequency range of 2.5-8.5 MHz. The maximum frequency is restricted by the current limitation of the bias power-supply. The plate voltage for the tube is 6.3 KV and the quiescent current is 5.4 A. A Pearson model 150 monitors the cavity input current. The z pg comprises a parallel resonant circuit with l spg , r sh , a plate-grid capacitance (c pg ) and stray capacitance (c st ) of l spg , and the z gk with l zg , r drv , a grid-cathode capacitance (c gk ) and stray capacitance (c zg ) of l zg . The resonant frequencies of z pg and z gk are set near to the lowest frequency of the frequency range. The parameters are summarised in Table 1 .
SYSTEM SETUP

EXPERIMENTAL RESULTS
Output-impedance
A Hewlett Packard 4195A network/spectrum analyser is used to measure the output-impedance. The probe is connected to the output terminal of RF system. As the output-impedance is dependent on the β in Eq. (1), various measurements for the shunt resistor (rdrv) of 50, 150, and 300 Ω are performed. The measurements and calculations at the resonant cavity frequency are compared in Fig. 4 . Fig. 4 Output-impedance of the grounded cathode scheme. Measurements with shunt resistor (rdrv) at 50 (square), 150 (lozenge), and 300 (triangle) Ω are compared to calculations denoted by solid, dotted and dashed lines, respectively. In the calculations, a peaking structure can be seen. It is explained mainly in terms of the series resonance, which is composed of the l in + l k , that is the lead inductance of cathode circuit, and the plate-grid capacitance, where the capacitance becomes (1+µ)-times larger by the Miller effect. Because it is surmised that the cavity shunt resistance (r cav ) decreases with frequency gradually, there is no peaking structure in the measurement, and the measurements are higher than calculations at low frequency range.
Voltage gain
DISCUSSION AND CONCLUSIONS
Low impedance RF system with high voltage gain was tested in the frequency range of 2.5-8.5 MHz. The model system comprises a 1 KW solid-state amplifier and a 40 KW triode as a final amplifier. The grounded cathode scheme, having dual resonant circuits, can provide the very low output-impedance RF system. Consequently, the output-impedance is obtained as 30-80 ohms and the voltage gain 6-10.
At the Rutherford Appleton Laboratory's neutron spoliation source ISIS, the upgrade plan has been studied that is to increase the extracted beam current from 200 to 300 µA as an average by using 2nd harmonic RF cavity [3] . And the beam current in the ring reaches 3.9-9.3A from injection to extraction of the beam. For this application, We have studied with much higher power tube. The triode whose maximum plate dissipation is 240 kW is used as a final amplifier. As the calculations, the output-impedance of 21-27 ohms and the voltage gain of 25-60 are expected over the frequency range of 2.7-6.2 MHz. Because an output voltage of 1-10kV leads the unloaded generator current to 33-333A, Y becomes 0.12-0.03 and decides to belong to stable region fully be seen in Fig. 1 .
Regarding output-impedance, it is comparable with that obtained by cathode-follower beam buncher in the Proton Storage Ring [4] .
